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,QWHUQDWLRQDO&RQIHUHQFHRQ)XWXUH&RPSXWHU6XSSRUWHG(GXFDWLRQ
'HYHORSLQJDQ,QWHOOLJHQW$JHQWIRU0DQDJLQJ:HE6HUYLFHV
&KXQ)X/LQD<XFKX<HKE<X+VLQ+XQJD5D\,&KDQJD
D'HSDUWPHQWRI(QJLQHHULQJ6FLHQFHDQG2FHDQ(QJLQHHULQJ1DWLRQDO7DLZDQ8QLYHUVLW\1R6HF5RRVHYHOW5G7DLSHL
7DLZDQ52&
E,QVWLWXWHRI7HDFKHU(GXFDWLRQ5HVHDUFK&HQWHUIRU0LQG%UDLQ	/HDUQLQJ&HQWHUIRU&UHDWLYLW\DQG,QQRYDWLRQ6WXGLHV1DWLRQDO
&KHQJFKL8QLYHUVLW\1R6HF=KLQDQ5G7DLSHL7DLZDQ52&

$EVWUDFW
7KH HQRUPRXV DPRXQW RI HGLWLQJ DSSOLFDWLRQV LQ:LNL KDV OHG WR PDQDJHPHQW SUREOHPV RI HIILFLHQF\ DFFXUDF\ DQG
FRQYHQLHQFHIRU:LNLDGPLQLVWUDWRUV7KLVVWXG\WKHUHIRUHGHYHORSHGDQLQWHOOLJHQWDJHQWV\VWHPEDVHGRQZHEQDPHO\
WKHHYDOXDWLRQDJHQWV\VWHP($6WRVROYHWKHVHSUREOHPV7KH($6LQFOXGHGWKUHHV\VWHPVVLQFHWKH5%(6ZDVFHQWUDO
WRWKH($6HPSLULFDOGDWDZHUHFROOHFWHGWRH[DPLQHWKHHIIHFWLYHQHVVRIWKH5%(67KHILQGLQJVUHYHDOHGWKDWFRPSDUHG
WR WKH FRQYHQWLRQDO DSSURDFK WKH SDUWLFLSDQWV VSHQW OHVV WLPH WR ILQLVK WKHLU WDVNV DQG FRPSOHWHG WKHLU WDVNV PRUH
DFFXUDWHO\ LQ WKH 5%(6 0RUHRYHU WKH SDUWLFLSDQWVZHUH PRUH VDWLVILHG ZLWK WKH 5%(6 WKDQZLWK WKH FRQYHQWLRQDO
DSSURDFKZLWKUHJDUGWRFRQYHQLHQFH

3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,QIRUPDWLRQ(QJLQHHULQJ5HVHDUFK,QVWLWXWH

.H\ZRUGV,QWHOOLJHQWDJHQW5XOHEDVHGH[SHUWV\VWHP:HE:LNL
,QWURGXFWLRQ
:LNLLVDFHOHEUDWLYHRSHQVRXUFHEDVHGRQ:HEWHFKQLTXHVLWLVDVVRFLDWHGZLWKZHEIRUNQRZOHGJH
UHXVHDQGLQIRUPDWLRQVKDULQJE\XVHULQWHUDFWLRQVDQGFROODERUDWLRQ7RHQKDQFHWKHHIIHFWLYHQHVVRIDZHE
FROODERUDWLYH WRRO VXFK DV :LNL RSHUDWLRQ WLPH DFFXUDF\ DQG FRQYHQLHQFH VKRXOG EH FRQVLGHUHG
VLPXOWDQHRXVO\7KH FRQYHQWLRQDO FRQFHSWV RIZHE PD\ OHDG WRPDOLFLRXV GDPDJH LQZHE DSSOLFDWLRQV
7DNLQJ DQRQ\PRXV HGLWLQJ LQ:LNL V\VWHPV IRU H[DPSOH WKH HUURU UDWH RI FRQWHQWV KDV EHHQ GUDPDWLFDOO\
LQFUHDVHG GXH WR WKH HQRUPRXVO\ LQFUHDVHG DPRXQW RI HGLWLQJ >@ 7KH ZHE  ZKLFK FDQ UHDOL]H WKH
LQWHOOLJHQWVHDUFKSURYLGHVVROXWLRQVWRWKLVSUREOHP$FFRUGLQJO\ZHGHYHORSHGWKHHYDOXDWLRQDJHQWV\VWHP
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($6 EDVHG RQ WKH IUDPHZRUN RI ZHE  WR VROYH WKH HIILFLHQF\ DFFXUDF\ DQG FRQYHQLHQFH SUREOHP
HQFRXQWHUHGLQFRQYHQWLRQDODSSOLFDWLRQRIZHELQ:LNLV\VWHPVIURPWKHSHUVSHFWLYHRIDGPLQLVWUDWRUV7R
DFKLHYHRXUJRDOVDQH[SHULPHQWDQGUHDOFDVHVZHUHHPSOR\HGLQWKLVVWXG\
(IIHFWLYH0DQDJHPHQWRI:HE6HUYLFHV
,WLVDWUHQGWKDWZHELVGHYHORSLQJWRZDUGVZHEWRDFKLHYHDXWRPDWHLQIRUPDWLRQUHWULHYDOVHPDQWLF
LQWHUIHUHQFHPDFKLQHOHDUQLQJUXOHEDVHGH[SHUWV\VWHPDQGRWKHUDUWLILFLDOLQWHOOLJHQFHDSSOLFDWLRQV%DVHG
RQZHE:LNLV\VWHPVVKRXOGKDYHWKHIROORZLQJSURSHUWLHVLQRUGHUWRLQWHJUDWHNQRZOHGJHIURPZHE
V\VWHPVLQWRGDWDEDVHDQGWRFRQGXFWDQLQWHOOLJHQWPDQDJHPHQWV\VWHPWRSURYLGHXVHUVKHOSIXOLQIRUPDWLRQ
>@
3URYLGLQJKLJKDXWKHQWLFNQRZOHGJH
'RPDLQNQRZOHGJHLVSURGXFHGE\FROODERUDWLYHHGLWLQJIURPXVHUVLQWKHZHEV\VWHP+RZHYHU WKH
GUDPDWLFDOO\ LQFUHDVHG DPRXQW RI HGLWLQJ KDV OHG WR VHULRXV LQIRUPDWLRQPDQDJHPHQW SUREOHPV IRU V\VWHP
DGPLQLVWUDWRUV8VHUV PD\ UHFHLYHZURQJ LQIRUPDWLRQ EHFDXVH WKH FRQWHQWV KDYH EHHQ PDOLFLRXVO\ HGLWHG
LOOHJDOO\ XSGDWHG YLDZHEURERWV RU LQFRUUHFWO\ FLWHG IURP SXEOLVKHG LQIRUPDWLRQ:HE  WHFKQLTXHV FDQ
SUHYHQWXVHUVIURPUHFHLYLQJVXFKHUURQHRXVLQIRUPDWLRQDQGKHOSWKHPDFTXLUHNQRZOHGJHHIILFLHQWO\
$GPLQLVWUDWRUPDQDJHPHQWJXLGHOLQHLQWHJUDWLRQ
'HDOLQJ ZLWK HQRUPRXV PDQDJHPHQW WDVNV WKH :LNL V\VWHP VKRXOG EH DEOH WR HIIHFWLYHO\ LQWHJUDWH
NQRZOHGJHLQWRGDWDEDVHDQGWRVKDUHVXFKNQRZOHGJHDPRQJDGPLQLVWUDWRUVDURXQGWKHZRUOG8QIRUWXQDWHO\
VXFKDIXQFWLRQLVQRWZHOODFKLHYHGLQWKHZHE:LNLV\VWHP7KHH[SHUWV\VWHPGHYHORSHGLQWKLVVWXG\
FDQHIIHFWLYHO\DQDO\]HWKHHGLWHGLQIRUPDWLRQLQNQRZOHGJHGDWDEDVHDQGSURGXFHLQIHUHQFHUXOHVWKDWFDQEH
VKDUHGDPRQJWKHDGPLQLVWUDWRUV
5HDOWLPHLQIRUPDWLRQUHWULHYDO
.QRZOHGJHLVUDSLGO\JURZLQJLQWKH:LNLV\VWHPDQGWKHUHDOWLPHLQIRUPDWLRQPDQDJHPHQWLQZHELV
XVXDOO\ DFKLHYHG E\ KXPDQ RSHUDWLRQ 6XFK D W\SH RI RSHUDWLRQ LV YHU\ WLPHFRQVXPLQJ IRU ERWK WKH
DGPLQLVWUDWRUV DQG WKH XVHUV 8VXDOO\ WKH XVHUV QHHG WR ZDLW IRU SHUPLVVLRQV IURP WKH DGPLQLVWUDWRUV
7KHUHIRUHDQHIILFLHQW:LNLV\VWHPVKRXOGEHDEOHWRSURYLGHDXWRPDWHPDQDJHPHQWDQGWRUHWULHYHUHDOWLPH
LQIRUPDWLRQLPPHGLDWHO\WRXSGDWHWKHHGLWHGLQIRUPDWLRQIURPXVHUV
&URVVSODWIRUPGDWDWUDQVIHU
.QRZOHGJH GDWDEDVH V\VWHP VKRXOG WDNH VXFK PRELOH GHYLFHV DV VPDUW SKRQH DQG 3'$ LQWR DFFRXQW
7KHUHIRUHGDWDWUDQVIHUVKRXOGEHDEOHWREHFRUUHFWO\H[HFXWHGLQGLIIHUHQWW\SHVRISODWIRUPVRUGHYLFHV
0HWKRGV
7RVROYH WKHFXUUHQWPDQDJHPHQWSUREOHPV LQ WKH:HEV\VWHP WKLVVWXG\GHYHORSHG WKH($6ZKLFK
LQFOXGHG WKH DIRUHPHQWLRQHG FKDUDFWHULVWLFV RI HIIHFWLYH PDQDJHPHQW RI ZHE  VHUYLFHV EDVHG RQ WKH
IUDPHZRUNRIZHE7RIXUWKHULQYHVWLJDWHWKHHIIHFWLYHQHVVRIWKH($6XQLYHUVLW\VWXGHQWVDJHGIURP
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WR\HDUVROGZHUHLQFOXGHGWRSDUWLFLSDWHLQWKLVVWXG\7KHPDLQLQVWUXPHQWHPSOR\HGLQWKLVVWXG\ZDV
WKH($6ZKLFKLQFOXGHGWKHIROORZLQJWKUHHV\VWHPVWKHWHVWLQJDJHQWWKH:LNLDJHQWDQGWKH5%(6DJHQW
,QDGGLWLRQ WRDQDO\]HWKHHIIHFWLYHQHVVRIWKH5%(6ZHHYDOXDWHGWKHSHUIRUPDQFHRIWKH5%(6EDVHGRQ
IRXU FULWHULD  DFFXUDF\RI NQRZOHGJHPDQDJHPHQW  WLPHSHUIRUPDQFH RSHUDWLRQ FRQYHQLHQFH IRU
XVHUDQGIDWLJXHVWUHQJWK
7KHWHVWLQJDJHQWV\VWHP
%DVHG RQ WKH XSGDWHG SDJHV LQ :LNL V\VWHPV ZH UHWULHYHG IRUW\ DUWLFOHV DQG GHVLJQHG VL[ TXHVWLRQV
FRQFHUQLQJ DUWLFOH HGLWLQJ DQG FRQWHQW FKDQJH ,Q WKLV VWXG\ ZH H[DPLQHG WKH DFFXUDF\ RI NQRZOHGJH
PDQDJHPHQWDQGFDOFXODWHGWKHWRWDOWLPHVSHQWRQDQVZHULQJWKHTXHVWLRQV>@
7KH:LNLDJHQWV\VWHP
7KH:LNLDJHQWZDVGHVLJQHGWRSURYLGHDNQRZOHGJHPDQDJHPHQWHQYLURQPHQWIRUWKHSDUWLFLSDQWV,QWKLV
VWXG\ WKH SDUWLFLSDQWV DQVZHUHG WKH GHVLJQHG TXHVWLRQV VHTXHQWLDOO\ E\ ZKLFK ZH HYDOXDWHG WKHLU
SHUIRUPDQFHLQNQRZOHGJHPDQDJHPHQW
7KH5%6DJHQWV\VWHP
7KH HPSOR\HG WHFKQLTXHV LQ WKH5%(6 LQFOXGHGZHEURERW DJHQW V\VWHP([WHQVLEOH0DUNXS/DQJXDJH
;0/DQGWKHRULHVRINQRZOHGJHPDQDJHPHQW,QWKH5%(6WKHDGPLQLVWUDWRUVH[HFXWHGWKHURXWLQHWDVNV
E\ZHEWHFKQRORJ\DQGWKHORJLFLQIHUHQFHUHVXOWVZHUHSURGXFHGDXWRPDWLFDOO\PRUHRYHUWKHRSHUDWLQJ
H[SHULHQFHVE\XVHUVZHUHFRQYHUWHGWRUXOHVDQGVDYHGLQWKHNQRZOHGJHGDWDEDVH>@
5HVXOWV
,Q WKLV VWXG\ HIILFLHQF\ LQIHUV WR WKH RSHUDWLRQ WLPH VHFRQGV DQG DFFXUDF\ LQIHUV WR WKH FRUUHFWQHVV RI
LQIHUHQFHV 7KH UHVXOWV VKRZHG WKDW LQ WHUPV RI HIILFLHQF\ WKH 5%(6ZDV OHVV WLPH FRQVXPLQJ WKDQ WKH
FRQYHQWLRQDODSSURDFKLQHDFKRIWKHWZHQW\QLQHWDVNVDVZHOODVLQWKHDYHUDJHGSHUIRUPDQFH0 
VHFRQGV YV0   VHFRQGV7KH UHVXOWV RI WWHVW UHYHDOHG WKDW WKH RYHUDOO HIILFLHQF\ RI WKH5%(6ZDV
VLJQLILFDQWO\EHWWHUWKDQWKHFRQYHQWLRQDODSSURDFKW SVHH7DEOH7KHUHIRUHWKH5%(6LV
WUHPHQGRXVO\KHOSIXOLQWHUPVRIWLPHVDYLQJ
$V IRU WKH SHUFHQWDJH RI DFFXUDF\ WKH FRQYHQWLRQDO DSSURDFK ZDV  DQG WKH 5%(6 ZDV 
$FFRUGLQJO\ FRPSDUHG WR WKH FRQYHQWLRQDO DSSURDFK WKH 5%(6 KDG EHWWHU HIILFLHQF\ DQG DFFXUDF\ LQ
PDWFKLQJJRDOVDQGPDNLQJLQIHUHQFHV
%DVHG RQ D ILYHSRLQW /LNHUW W\SH LWHP ZH DOVR LQYHVWLJDWHG WKH SDUWLFLSDQWV¶ SHUFHLYHG VDWLVIDFWLRQ
WRZDUGV WKH FRQYHQLHQFH RI WKH 5%(6 ZKHQ FRPSDUHGZLWK WKH FRQYHQWLRQDO DSSURDFK 7KH SDUWLFLSDQWV
UHVSRQGHGWKDWWKH\ZHUHPRUHVDWLVILHGZLWKWKH5%(6WKDQZLWKWKHFRQYHQWLRQDODSSURDFK0 7KH
PHDQVFRUHEDVHGRQSDUWLFLSDQWVZDVVLJQLILFDQWO\GLIIHUHQWIURPWKHPHGLDQVFRUH³´W S
VXJJHVWLQJ WKHSDUWLFLSDQWV WKRXJKWPRUH KLJKO\RI WKH5%(6ZLWK UHJDUGV WR FRQYHQLHQFHZKHQ FRPSDUHG
ZLWKWKHFRQYHQWLRQDODSSURDFK
'LVFXVVLRQDQG&RQFOXVLRQV
:LNL SODWIRUPV EDVHG RQ ZHE  WHFKQRORJ\ KDYH EHHQ D JUHDW YHKLFOH IRU NQRZOHGJH VKDULQJ DQG
FROODERUDWLRQ LQ WKH UHFHQW GHFDGH WKH\ KHOS SHRSOH DFTXLUH NQRZOHGJH HIILFLHQWO\ +RZHYHU KRZ WR
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FRQYHQLHQWO\ PDLQWDLQ WKH HIILFLHQF\ DQG DFFXUDF\ RI HQRUPRXVO\ LQFUHDVHG DPRXQW RI LQIRUPDWLRQ KDV
EHFRPHDQLPSRUWDQWLVVXHLQ:LNLV\VWHPV,QZHEVRFLDOQHWZRUNVRUGLJLWDOOHDUQLQJZHEVLWHVVKDUHWKH
FKDUDFWHULVWLFVRIWKHVHPDQWLFZHEDQGDUWLILFLDOLQWHOOLJHQFHLWKHOSVWRFRQIURQWWKHHQFRXQWHUHGSUREOHPV
:HWKHUHIRUHGHYHORSHGWKH($6EDVHGRQWKHIUDPHZRUNRIZHEWRLPSURYHWKHHIILFLHQF\DFFXUDF\DQG
FRQYHQLHQFHRINQRZOHGJHPDQDJHPHQWLQ:LNLV\VWHPV7KHH[SHULPHQWDOUHVXOWVLQWKLVVWXG\VXJJHVWWKDW
WKH($6HVSHFLDOO\WKH5%(6FDQDXWRPDWLFDOO\PDQDJHZHEV\VWHPVDQGFDQGUDPDWLFDOO\LQFUHDVHWKH
HIILFLHQF\WKHDFFXUDF\DQGWKHFRQYHQLHQFHRIDGPLQLVWUDWLRQ
$FNQRZOHGJHPHQWV
7KH DXWKRUVZRXOG OLNH WR WKDQN WKH1DWLRQDO 6FLHQFH &RXQFLO RI WKH 5HSXEOLF RI &KLQD LQ 7DLZDQ
52&&RQWUDFW1R16&60<IRUILQDQFLDOO\VXSSRUWLQJWKLVUHVHDUFK
5HIHUHQFHV
>@+HDWK70RWWD((DVHRI LQWHUDFWLRQSOXVHDVHRI LQWHJUDWLRQ&RPELQLQJ:HEDQG WKH6HPDQWLF
:HE LQ D UHYLHZLQJ VLWH :HE 6HPDQWLFV 6FLHQFH 6HUYLFHV DQG $JHQWV RQ WKH :RUOG :LGH:HE 

>@;LRQJ+;;X< 6WXG\ RQ WKH RSWLPL]DWLRQ RI WKH SHUVRQDOL]HG(OHDUQLQJ V\VWHPEDVHG RQ:HE
)XWXUH&RPSXWHUDQG&RPPXQLFDWLRQ
>@<HK<&3HQJ<(	/LQ&)(PSOR\LQJDEOHQGHGNPPRGHO WR LPSURYHXQLYHUVLW\ VWXGHQW¶FULWLFDO
WKLQNLQJ 3URFHHGLQJV RI WKH (/HDUQ :RUOG &RQIHUHQFH RQ (/HDUQLQJ LQ &RUSRUDWH *RYHUQPHQW
+HDOWKFDUH	+LJKHU(GXFDWLRQ$$&(
>@ /LQ&)<HK<&	+XQJ<+$ QHZPDQDJHPHQW DSSURDFKZLWK UXOHEDVHG H[SHUW V\VWHP LQ:LNL
SODWIRUPV 3URFHHGLQJV RI WKH(/HDUQ :RUOG&RQIHUHQFH RQ(/HDUQLQJ LQ&RUSRUDWH*RYHUQPHQW
+HDOWKFDUH	+LJKHU(GXFDWLRQ$$&(

